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Abstract: Sustainable rangeland management requires understanding the nature of human-ecosystem
interactions and local communities’ perspectives regarding evolving changes. This study integrated
perceptions from the local community and remote sensing to characterize the extent and drivers of
land use and land cover (LULC) changes in the rangelands of Nakasongola district in Central Uganda.
The aim of the study was to determine the perceived drivers of land use and land cover change in
of Nakasongola district in the Central Uganda district to support decision making for present and
future rangeland management. Satellite imagery for 1985, 1995, 2005, 2015 and 2021 were obtained
from the United States Geological Survey (USGS) and analyzed to determine the LULC dynamics.
Key informant interviews and focus group discussions (FGDs) were conducted to obtain perceived
drivers of LULC. Results showed that by 1985 grassland covered 31.7%, wetlands 26.4%, woodland
11.5% and farmland 7.2% of the total land area. However, by 2021, farmland covered 35.8% of the total
land area, wetland 21.6% and had reduced to grassland 18.5 percent. Future LULC projections using
a Markov chain model showed that farmland cover will increase by 13.85% while grassland cover
will further decline by 9.89% in 2040. Wood fuel extraction, subsistence farming, population growth
and overgrazing were perceived as key drivers of LULC change. Both remote sensing techniques
and local perceptions were in agreement with the identification of patterns and perceived drivers
revealing the inherent value of tacit knowledge resident within the community. This knowledge in
addition to remotely sensed information can thus be tapped by the decision leaders to better guide
interventions aimed at securing better rangeland health and management.

Keywords: rangelands; extent; local perceptions; future

1. Introduction

Rangelands cover approximately 41% of the Earth’s total land area [1,2]. Two-thirds of
these rangelands are located in arid and semiarid areas [3,4]. Due to the fact that rangelands
are mostly located in areas with sporadic rainfall patterns [5], extensive livestock production
emerges as the most practiced land use practice [6]

Rangelands are endowed with natural resources such as saltlicks, fodder and water
sources varying in space and time that pastoralists harness through seasonal mobility [7]
Rangelands provide habitat and breeding grounds for wild ungulates, support carbon
storage and provide forage and waters [8]. Rangelands support more than one billion herds
of cattle, sheep, camels and goats and nearly two billion people [3].

However, rangelands are under intense pressure from natural and unsustainable
anthropogenic factors [2,9]. Accordingly, about 20% of the rangelands have been severely
degraded by land uses that degrade rangeland natural resources [2]. An estimated 6 million
km2 of land under woodlands/forests and 4.7 million km2 of grasslands worldwide have
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been converted to croplands since 1850 [10]. The intensive pressure on rangelands is
reportedly driving significant changes in the historical land use and land cover (LULC)
patterns [9].

It is estimated that rangelands cover about 12.8 million km2 of habitable drylands
distributed between arid, semiarid, and dry sub-humid zones in Sub-Saharan Africa [11].
The mode and extent of land use and cover change vary in both space and time in SSA
rangelands. Several factors, including climate changes, drought, population growth and
policies encouraging sedentary pastoral livelihoods are suspected to be major drivers of
rangelands degradation [12]. The proliferation of agricultural land in originally natu-
rally vegetated land is reported among the most outstanding LULC transformations in
SSA [13,14]. According to Srivastava [15], vegetation loss due to increased agricultural
activities might lead to significant hydrological fluxes due to changes in some hydrological
components like surface runoff, surface roughness, stream flow and evapotranspiration.
Consequently, the hydrological fluxes can drive changes in land use and land cover in an
area [16]. The rapid encroachment of grass species by woody species in the rangelands
is also reducing the availability of forage resources for pastoralists [17]. This often forces
pastoralists to herd small ruminants like sheep and goats that feed on woody species or
even diversifying to non-livestock-based practices [18].

In Uganda, rangelands form one of the land use and land cover types considered prone
to natural calamities like floods, droughts, soil erosion and landslides [19,20]. However,
rangelands in different parts of the country have undergone tremendous change in the last
40 years [21]. For instance, a decline of 13.1% in grassland cover was earlier reported in
Nakasongola district [22]. Frequent severe droughts with return periods of up to 4 years
have been reported in Nakasongola [23]; owing to factors such as deforestation, overgrazing
and bush fires [24]. The unprecedented rate of LULC changes and their complex drivers of
the changes observed present novel challenges to communities within the rangelands [25].
Communities in the rangelands of Uganda are increasingly becoming exposed to dete-
riorating quality and quantity of goods and services from the rangelands [26]. There is
need to invest in rangeland monitoring in order to understand dynamics of vegetation
changes and encourage the wise use of natural resources [27]. The estimation of LULC
changes is also paramount in establishing the impact of anthropogenic activities on the
ecological components of the rangelands such as water resources, plant structure and
diversity [16,28]. Such information is essential for the formulation of informed policies to
support sustainable rangeland management and rehabilitation for proper natural resource
protection and increasing resilience to climate change.

Remote sensing offers one of the best ways of monitoring spatial-temporal environ-
mental changes [10]. Using remote sensing to map the spatial-temporal LULC changes
helps in quantitatively establishing the nature of changes. However, the exclusive reliance
on remote sensing in LULC assessments has been critiqued for providing only quantitative
information and not establishing the relationship between the patterns of change with
their driving forces [12]. Moreover, the patterns of LULC changes often involve complex
interactions between the environment and humans [21,29]. Based on this, it is becoming
increasingly acceptable among scholars of environmental change that it is important to
understand the local perceptions on landscapes in order to have a better conceptualization
of LULC [30,31]. Local knowledge is widely acknowledged as a credible tool for building
knowledge on global environmental changes such as LULC [32–34]. It is also acknowledged
that integrating local knowledge and remote sensing during LULC changes assessments can
provide better and novel understandings for the extent and underlying drivers of change.
Understanding the perceptions of the local community on LULC changes is also reported
to be central for designing effective land use and management plans [25]. However, there
is still a limited integration of local knowledge and remote sensing knowledge in existing
studies that investigated the extent and drivers of LULC change across the different parts of
Uganda such as Karamoja, Nakasongola and Ankole [22,35–37]. The objective of this study
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was to determine the drivers of land use and land cover change through integration of
remote sensing and community perceptions in the Central Uganda district of Nakasongola.

2. Materials and Methods
2.1. Study Area Description

This study was conducted in Nakasongola district of Uganda at latitude 0◦57′44.89′′

to 1◦40′42.76′′ North and longitude 31◦58′03.77′′ and 32◦48′00.29′′ East (Figure 1). It covers
a total land area of 4909 km2 [20]. Nakasongola district is located in the Cattle Corridor
of Uganda. The Cattle Corridor is an extensive area dominated by arid and semi-arid
areas (ASALs) [38]. The ecosystems in the rangelands consist of shrubs, woodland and
grasslands and are heterogeneous in nature [39].
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Figure 1. Map of Nakasongola districts and all its administrative units. Sources: Authors (2022).

Rainfall in Nakasongola district ranges between 300800 mm [38]. Nakasongola district
is located within Lake Kyoga basin, which is predominated with a bimodal type of rain-
fall [40]. The first rain season occurs from March/April to June/July and second season
occurring from August to October/November has been reported in the area [23]. The
mean maximum diurnal temperature ranges between 25 and 35 ◦C, while the mean diurnal
minimum temperatures range between 18 and 25 ◦C. Severe droughts with return periods
of up to 4 years have been reported in the district [23].

The main vegetation types in Nakasongola district include open deciduous savannah
woodlands with short grasses, tropical trees and plantations. Crop production and livestock
rearing are the main source of livelihood in the district. The major types of crops grown
include cassava, sweet potatoes and bananas, while the livestock reared include cattle,
goats, sheep and poultry [36]. Other sources of livelihood in the district include fishing,
charcoal burning and sand mining.

2.2. Data, Data Sources and Processing

The study involved use of remote sensing and community perceptions obtained using
focus-group discussions (FGDs). Satellite images for 1985, 1995, 2005, 2015 and 2021 for
Nakasongola district were downloaded from the United States Geological Survey (USGS)
Earth explorer website (https://earthexplorer.usgs.gov/) on 15 January 2022. The adminis-
trative boundary of Nakasongola district was extracted from the district administrative
layer of the Uganda Bureau of Statistics (UBOS). For each year, two satellite scenes were
obtained owing to the fact that the study area was covered by two scenes (Appendix A,

https://earthexplorer.usgs.gov/
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Table A1). Prior to image classification, radiometric correction, composite generation and
contrast stretch were performed on the raw satellite images in ArcGIS 10.8 to provide
image enhancement. The scanline errors in Landsat 7 satellite images were removed using
the “Fill no data” toolbox in QGIS 3.12. The processed images were then classified using
an unsupervised classification technique and an ISODATA algorithm. This classification
technique generated several spectral classes that were later assigned respective land use
and land cover types. The spectral classes were reclassified into nine informational classes
and these included built-up, farmlands, forest, grasslands, open water, shrubs and thickets,
tree plantations, wetlands, and woodlands. The description of these classes is provided in
Table 1.

Table 1. Description of land use and cover classes mapped in Nakasongola district.

Class Description

Built-up areas
These are all permanent and semi-permanent buildings housing people
and other infrastructure such as roads, factories, and buildings in
towns or trading centres.

Farmlands
This consists of land cultivated for both subsistence and commercial
purposes. It comprises of both previously cleared land awaiting sowing
of crops and those recently sowed with crops.

Forest These are areas characterized by a dense tree canopy and comprises of
trees taller than 2 meters (m).

Grasslands
These are areas dominated by tall and short grasses that are perennial.
Some of the grasslands are characterized by woody vegetation and
shrub that cover less than 10% of the land area [21].

Open Water These are areas with natural open water bodies.

Shrubs and Thickets These are areas with dense and scattered bushes or trees with an
average height of less than 4 m [41].

Tree Plantations
These are areas with tree plantations. Both mature and young
plantations are included but excludes other non-timber plantations
such as coffee, sugarcane and tea plantations [21].

Wetlands These are areas that are permanently or seasonally waterlogged
comprising of both woody and herbaceous vegetation [42].

Woodlands These are areas that are composed of scattered trees with grassland
patches in between. Tree height varies between 3–6 m.

Additional datasets were used to assess the accuracy of the classification process.
These datasets included the National Land Use and Land Cover Map of 2015, ground truth
points and Google Earth images. A total of 424 ground truth points were picked from
the field using a Garmin Global Positioning System (GPS) device. An error matrix was
computed to assess the degree of correlation between the classified land use and land cover
dataset and the ground land use and land cover types (Appendix B, Table A2). Overall
accuracy of classification was assessed by dividing the correctly classified sample units
by the total number of sample units. According to Dika [43], the formula of accuracy
assessment is given by;

Overall Accuracy, A = ∑a
j=1 Pjj; where Pjj represents the proportion of area that has

map class i and reference class j. Thus, i represents the proportion of the different land
use and land cover type including farmland, wetland, waterbody, woodland, forest and
built-up area across the study area during the classification. The reference class j is the area
covered by any of the different land use and land cover types using the ground truth data.

The change detection between the different years was assessed by subtracting the
current year from the previous year. This generated the losses and gains in the different land
use and land cover types between the study periods in Nakasongola district. The Cellular
Automata (CA)–Markov model was used to project the future land use and land cover for
the district. The model was run using TerrSet Monitoring and Modelling software. The
projection was based on a “business-as-usual” scenario (that is if the population continues
to increase in Nakasongola district with the subsequent changes in land use and land cover).
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Using the classified land use and land images of 1985 and 2021 as the past and present study
images respectively, the projection process involved change analysis to determine the most
prevalent transitions in the study area; developing a transition sub-model; developing a
transition probability matrix and a transition potential image; calibration of the CA–Markov
model and then projection to 2040 [44] A multi-layer perceptron (MLP) neural network was
used in developing a transition potential image. The factors that influence the future land
use and land cover for Nakasongola (such as projected population of 2040, the distances
from the main road, distance from towns and distance from critical facilities such as health
facilities, water sources and schools) were also considered in the model process.

2.3. Community Perceptions

Both key informant interviews and focus group discussions (FGDs) were conducted in
order to build a deeper understanding of the land use/land cover change, their key drivers
and impacts in the study area. These also aimed at obtaining the local knowledge from
local community for integration into this study. The local knowledge investigated included
the perceived extent of change in the different land use and land cover in the district of
their respective drivers. Key informants involved elders from the community keeping
households, local government officials and non-governmental development practitioners.

The number of participants in each FGD ranged between eight and thirteen and were
manned by the researcher, local field assistants and local leaders. The age of the respondents
ranged between 30–72 years. During the FGDs, the main LULC classes in the study area
were identified and mapped where possible. Photographs bearing the different LULC
types that had earlier been captured during the reconnaissance study were presented to the
respondents in order to identify and map the different LULC types in the study area. Local
terms and ecosystem characteristics were used to characterize and classify the different
LULC types. Additionally, the perceived LULC changes, the socio-economic importance
of each LULC type, the socio-economic drivers of change of each LULC and the impacts
arising from the LULC changes were discussed. Both historical and ecological timelines
were used to elucidate on specific social and natural events that might have driven certain
LULC changes in the study area. The global person generated index [45] was used with the
participants of each FGD to select and assign points to the most significant socio-economic
drivers and impacts of LULC changes in their respective order of significance. Caution
was taken to ensure that consensus is reached amongst the FGD participants during the
selection and ranking of the different socio-economic drivers and impacts of LULC changes
in the study area.

3. Results
3.1. Land Use and Land Cover Changes in the Rangelands of Nakasongola District

A total of nine LULC classes were identified in the study area. These included built-up,
farmland, forest, grassland, open water, shrub and thickets, tree plantation, wetland and
woodlands (Figure 2 below).
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Figure 2. The main land use and land cover types in Nakasongola rangelands between 1985 and
2021.

Results of the land cover and land cover analysis from 1985 to 2021 indicated that the
rangelands in Nakasongola district had been subjected to significant LULC changes. In
1985, grasslands were the dominant LULC class (31.7%), followed by wetlands (26.4%),
shrubs and thickets (16.4%), woodland (11.5%) and farmlands (7.2%) (Table 2 below). Tree
plantations were non-existent in the study area up to 2005. In 2021, farmland was the
dominant LULC class (35.8%) having increased fourfold from 7.2% in 1985. This was
followed by wetland (21.6%), grassland (18.5%) and shrub and thicket (8.1%) (Table 2
below).

Table 2. Land cover and land use classes and statistics for the period 1985–2021.

LULC Type
1985 1995 2005 2015 2021

Area
(Sq·km)

Percent
(%)

Area
(Sq·km)

Percent
(%)

Area
(Sq·km)

Percent
(%)

Area
(Sq·km)

Percent
(%)

Area
(Sq·km)

Percent
(%)

Built-up 3.5 0.1% 12.8 0.4% 15.5 0.4% 33.0 0.9% 62.8 1.8%
Farmland 252.4 7.2% 373.2 10.6% 585.4 16.7% 941.8 26.8% 1257.1 35.8%

Forest 8.4 0.2% 10.1 0.3% 9.2 0.3% 14.5 0.4% 31.1 0.9%
Grassland 1113.9 31.7% 1048.9 29.9% 973.7 27.8% 763.6 21.8% 648.3 18.5%

Open water 223.2 6.4% 222.3 6.3% 224.1 6.4% 225.9 6.4% 227.4 6.5%
Shrubland & Thickets 576.8 16.4% 561.1 16.0% 467.6 13.3% 384.6 11.0% 285.6 8.1%

Tree Plantation 0.0 0.0% 0.0 0.0% 0.9 0.0% 9.6 0.3% 15.6 0.4%
Wetland 926.9 26.4% 904.9 25.8% 886.6 25.3% 847.0 24.1% 758.7 21.6%

Woodland 403.5 11.5% 375.3 10.7% 345.5 9.8% 288.7 8.2% 221.9 6.3%
Total 3508.6 100 3508.6 100 3508.6 100 3508.6 100 3508.6 100



Land 2022, 11, 1402 7 of 19

The results showed that there were gains in farmland, built-up, central forest reserves
and tree plantations while losses were observed in woodland, shrub and thicket, grassland
and wetland cover (Figure 3). Between 1985 and 2021, the total land area under grassland
registered a net decline of−13.3%, shrub and thicket−8.3%, woodland−5.2% and wetland
−4.8%. Farmland increased by 28.6%, built-up area by 1.7%, central forest reserves by 0.6%
and open water by 0.1% (Figure 3).
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Figure 3. Percentage change in LULC classes in Nakasongola rangelands between 1985 and 2021.

The largest loss observed in grassland cover between 2005 and 2015 (−6%) coincided
with the highest gain in farmland cover (10.2%) over the same period (Figure 3). The largest
decline in wetland (−2.5%), shrub and thicket (−2.8%) and woodland (−1.9%) were all
observed between 2015 and 2021. Wetland mainly converted to farmland and grassland,
woodland to farmland and grassland, shrub and thicket to farmland and grassland.

3.2. Prejocted LULC Changes in Nakasongola District Rangelands

The current nine LULC types observed in the rangelands of Nakasongola district
are projected to change (Appendix C, Table A3). The largest part of Nakasongola district
(49.7%) is likely to be covered by farmlands in 2040 (Figure 4). Land under grasslands,
open water, shrubs and thickets and woodlands cover will all have decreased by the year
2040. The largest decline (−9.89%) will be observed in grassland cover, while farmlands
will increase by 13.85% (Figure 5).
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3.3. Perceived Drivers of LULC Changes in the Study Area

Responses from the local community revealed a total number of nine perceived drivers
of LULC change in the rangelands of Nakasongola district between 1985 and 2021 (Figure 6).
The change in the local population (35%) was perceived as the biggest contributor of LULC
changes for the period 1985994. This was followed by the increase in wood fuel extraction
(20%), subsistence farming (12%) and drought (12%). Between 1995 and 2004, changes in
the population (30%), wood fuel extraction (28%) and subsistence farming were still the
drivers of LULC changes in this area. Within the period 2005–2014, wood fuel extraction
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(31%) was perceived to have emerged as the leading driver of LULC changes in the range-
lands of Nakasongola district followed by the local population changes (20%), the rise in
subsistence farming (20%) and livestock grazing rates (13%). In the more recent period
of 2014–2021, the dominant drivers of LULC changes in the rangelands of Nakasongola
district were perceived to be the increased rates of wood fuel extraction (32.5%), overgraz-
ing (17.2%) and subsistence farming (17.2%). Other factors included increased drought
occurrences, increased invasive-plant weeds, weak government policies and change of
rangeland management regimes from communal ownership to private ownership.

Land 2022, 11, x FOR PEER REVIEW 9 of 19 
 

Responses from the local community revealed a total number of nine perceived 
drivers of LULC change in the rangelands of Nakasongola district between 1985 and 2021 
(Figure 6). The change in the local population (35%) was perceived as the biggest 
contributor of LULC changes for the period 1985994. This was followed by the increase in 
wood fuel extraction (20%), subsistence farming (12%) and drought (12%). Between 1995 
and 2004, changes in the population (30%), wood fuel extraction (28%) and subsistence 
farming were still the drivers of LULC changes in this area. Within the period 2005–2014, 
wood fuel extraction (31%) was perceived to have emerged as the leading driver of LULC 
changes in the rangelands of Nakasongola district followed by the local population 
changes (20%), the rise in subsistence farming (20%) and livestock grazing rates (13%). In 
the more recent period of 2014–2021, the dominant drivers of LULC changes in the 
rangelands of Nakasongola district were perceived to be the increased rates of wood fuel 
extraction (32.5%), overgrazing (17.2%) and subsistence farming (17.2%). Other factors 
included increased drought occurrences, increased invasive-plant weeds, weak 
government policies and change of rangeland management regimes from communal 
ownership to private ownership. 

 
Figure 6. Perceived drivers of LULC changes in Nakasongola rangelands. 

Owing to the patterns of LULC change and the perceived orchestrating drivers, 
participants noted with concern the evolution of associated effects of these changes. These 
effects included among others: sufficient pasture and browse for livestock (20.7%), 
increased crop failure and hunger (17.9%), changing climate patterns with extreme events 
especially prevalence of drought (15%) and increased water scarcity (13.6%) (Appendix 
D, Figure A1). Further, participants observed that livestock herd size and composition had 
changed, livestock losses due to drought and disease were common, low livestock 
productivity especially in terms of milk, and declining biodiversity and natural habitats 
for wildlife. 

4. Discussion 
4.1. Land Use and Land Cover Changes in Nakasongola Rangelands 

This study has revealed large LULC in Nakasongola district. The most critically 
affected LULC are grasslands, wetlands and woodlands. These have declined over time 
and are projected to decline in the near future. On the other hand, farmlands, built-up 
area and planted forest have increased. Rapid reductions in the total land area under 
grassland cover observed in the current study have been reported by earlier studies 

Figure 6. Perceived drivers of LULC changes in Nakasongola rangelands.

Owing to the patterns of LULC change and the perceived orchestrating drivers, partic-
ipants noted with concern the evolution of associated effects of these changes. These effects
included among others: sufficient pasture and browse for livestock (20.7%), increased
crop failure and hunger (17.9%), changing climate patterns with extreme events especially
prevalence of drought (15%) and increased water scarcity (13.6%) (Appendix D, Figure A1).
Further, participants observed that livestock herd size and composition had changed, live-
stock losses due to drought and disease were common, low livestock productivity especially
in terms of milk, and declining biodiversity and natural habitats for wildlife.

4. Discussion
4.1. Land Use and Land Cover Changes in Nakasongola Rangelands

This study has revealed large LULC in Nakasongola district. The most critically
affected LULC are grasslands, wetlands and woodlands. These have declined over time
and are projected to decline in the near future. On the other hand, farmlands, built-up area
and planted forest have increased. Rapid reductions in the total land area under grassland
cover observed in the current study have been reported by earlier studies conducted in the
study area [22,36]. But unlike in the current study, where the grasslands were overtaken by
farmlands as the dominant land cover type, grasslands remained as the most dominant
land cover type in Karamoja [35]. In agreement with the findings of the current study, [46]
there was a reported tenfold increase of farmlands in Karamoja sub-region.

There is growing evidence showing that there has been extensive conversion of range-
lands land cover types such as grasslands, woodlands and wetlands into farmlands in
Eastern Africa in the past three decades [47,48]. For instance, farmlands increased by 171.2%
in Ethiopia’s Bale zone [49] and in Borana rangelands of Southern Ethiopia [50].
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Based on the observations from this study, it is apparent that crop farming is currently
dominant in Nakasongola district. This implies that the patterns of land use and liveli-
hoods are changing from mere dependence on grasslands to other forms like farming and
settlements.

Although the dominance of shrubs and thickets in the majority of East African range-
lands has been associated with resilience to the increasing drought events [51], the current
study reported a declining trend in their cover. These findings were contrary to previous
studies that have reported an increasing trend in shrubs and thickets cover in the range-
lands of East Africa [12,50,51]. It is possible that shrubs and thickets have been transformed
by other overarching land use and land cover types like farmlands.

The observed decline in woodlands within the rangelands of Nakasongola have also
been reported in rangelands in other parts of Uganda. Egeru [46] reported a 3.9% decline
in the total land area under woodland cover in the rangelands of the Karamoja sub-region
of Uganda between 1986 and 2013. Similarly, a decline of 13.9% was reported in woodland
cover in the drylands of Eastern Uganda [52]. In other parts of East Africa such as the
Northern Afar rangelands in Ethiopia, a woodland cover reduction of up to 97% has been
reported [17].

In the current study, planted forests were on the rise. The increase in land area under
forest cover in Nakasongola district might be explained by the fact that forest reserves
in the area including Kasangala, Katugo and Wabisi-wajala Central Forest Reserves are
periodically reforested with coniferous trees including pine trees and eucalyptus. Similarly,
previous studies have reported the increasing adoption of agroforestry practices as a
drought adaptation strategy in the study area [23].This could have significantly contributed
to the increased proportion of land under planted forests in Nakasongola district during
the 1985–2021 period.

The increase in the open water cover type in the 1990s corresponds well with periods
like 1997/1998 when unusually heavy rainfall amounts are reported over most parts of
Uganda [53] and East Africa [54]. On the other hand, the years 1986 and 1993 have also
been recorded as drought years that reduced water levels in Lake Kyoga basin which is
the major open water body covering the study area [55]. Therefore, the decline in the
open water cover in the study area during the 1986–1995 could be linked to the droughts
recorded during these years. Elsewhere in the rangelands of East Africa, increased rates of
built-up land cover types have been reported [12]. This has not only been related to the
increasing population of pastoral and agro-pastoral households in the rangeland, but also
the increasing practice of sedentary lifestyles [56].

Findings of this study observed a declining trend in wetland cover for the study period.
This was contrary to the earlier findings by [22] that reported an increase in the wetlands in
the study area.

4.2. Drivers of LUCL Changes

The perceived drivers of LULC changes in the rangelands of Nakasongola can broadly
be categorized as biophysical, demographic, economic, infrastructural and technological.
These include wood fuel, changed rangeland management regimes, population increase,
drought and subsistence farming. Similar findings have been reported by [17] in Northern
Afar rangelands in Ethiopia.

Indeed, both regional [12,17] and global perspectives [57] on the high rates of decline in
grassland cover in the rangelands is attributed to the transformation of built-up areas, crop
farms and bush encroachment. Wood fuel extraction emerged as the key driver of LULC
change in rangelands of Nakasongola because of the high level of tree loss that the local
community has observed overtime. Trees from woodlands, grasslands and wetlands were
reported to be mainly cleared by farmers and other community members who engage in the
lucrative business of charcoal burning and sale of firewood; and this had been exacerbated
by changes in property rights from communal to individual ownership. This is in line
with findings from Kiringe [58] that showed that the Maasai community in communal
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rangelands around Amboseli in Kenya perceived high rates of tree loss due to increased
charcoal burning.

As denoted by [59,60], it is possible that increasing incidents of drought and livestock
loss have forced formerly livestock dependent households to diversify their economies
with the adoption crop cultivation. This could be the reason for the observed proliferation
of the farmlands in the current study.

Similarly, recurrent droughts, population increase and expansion of crop cultivation
were also reported as major drivers of LULC changes in Borana rangelands in Southern
Ethiopia [50].

The perceptions of increase in population coincide with the demographic data of
Nakasongola district showing that the population in the area increased from 100,497
people in 1991, to 127,064 in 2002 and 181,863 in 2014 [61]. Demographic factors like
human population growth come along with the increased demand for crop cultivation
land which might lead to significant changes in LULC types in the rangelands [50]. No
wonder local communities in Nakasongola district perceived population growth as a major
underlying drive for the conversion of land under woodlands, grasslands and wetlands in
the 1990s. The 1990s immigration of people from Lango region into Nakasongola district
were linked with exerting pressure on some forests, woodlands and wetlands for settlement
and crop farming. This confirms earlier findings showing that most of the woodlands in
the rangelands of East Africa have been lost to subsistence farming and collection of wood
fuel including charcoal and firewood collection [47]. Similarly, Mwavu and Witkowski [62]
reported that population growth and agricultural expansion led to the loss of 8.2% of
forested land in Budongo forest to sugarcane cultivation. Similar findings were reported
by [63] for Bwindi Forest Reserve.

But the local community indicated that the current rate of wood fuel extraction,
livestock grazing and farming have superseded the influence population growth had on
the rangelands of Nakasongola in the 1980s. These findings deviate from the findings
of Dika [43] that showed that Boorana pastoralists perceived a continuous increase in
rangeland degradation in the rangelands of Southern Ethiopia due to increasing population
growth. This finding points to the fact that the drivers of rangeland change in Nakasongola
district have changed overtime.

The changes in management regime from communal to individualized ownership and
weak policies were cited as key factor for rangeland degradation in the current study. Simi-
larly, weak policies that promote appropriation of rangelands for development purposes,
such as the establishment of industrial parks, have had impacts on some land over types
such as wetlands, woodlands and grasslands [64]. The historical marginalization of pas-
toral groups such as the Karamojong and agricultural agendas are widely associated with
the appropriation of rangelands for agricultural expansion [65,66]. Currently, initiatives
such as the Karamoja Development Plan that aim at increasing mineral exploration and
investment in Karamoja region [67] might drive some LULC changes in the area. Elsewhere,
local communities from the Southern Afar Region of Ethiopia indicated that policies that
promote sedentary agriculture and allocate land to external investors had resulted in the
reduction in rangelands and the expansion of crop farms [29]. Similarly, unclear property
rights significantly affects the efficient and sustainable utilization of rangeland resources
by the local communities [68]. In Nakasongola the influence of weak policies was still
not yet so significant because the local community members indicated that only a few
proportions of the rangelands were reported to have been so far allocated to investors for
industrialization and other purposes.

Although the proliferation of crop farming in the rangelands of East Africa might
have largely been driven by policy and development agendas, scholars such as [69] have
argued that recent participation in non-pastoral activities is a cognitive response to the
changing environment or as a result of natural response to new challenges or realized
opportunities in the rangelands. This points to the need to understand whether the choice
of local communities within the rangelands of Nakasongola to participate in non-pastoral
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activities such as crop farming is made on an individual basis or if they are being coerced
into it as a last resort due to unfavorable rangeland management policies.

Drought has been linked with causing largescale destruction of vegetation cover in
the rangelands [70,71]. During drought years farmers tend to overexploit certain land
cover types such as wetlands and forested areas by clearing them for the establishment of
crop farming and sometimes for charcoal burning [70] Wetlands and woodlands are also
overgrazed with livestock during drought years, yet overgrazing promotes bush encroach-
ment and change in plant species composition in rangeland [64,72]. According to [73],
overgrazing has an impact on both the rangeland vegetation health and soil conditions
such as soil organic carbon (SOC) and bulk density, especially around heavily grazed
areas such as drinking points. Siyabulela [73] observed that commercial farms with higher
stoking rates had supported lower rates of SOC compared to communal grazed farms with
the same stocking rates. Indeed, rangelands in Uganda are continuously associated with
overgrazing yet they are already labelled as amongst the most fragile ecosystems prone to
degradation [52,74]. Therefore, there is a need to regulate the grazing intensity during the
drought years and around key resources such as watering points in order to maintain the
supply of environmental services such as pasture and water resource provisioning from
the rangelands.

Increasing drought incidences have been associated with the proliferation of invasive
weed species such as Prosopis juliflora and Latana camara that have rapidly changed the
structure of rangelands in Eastern Africa [75,76]. Owing to invasive species such as Prosopis
juliflora and Latana camara, previously grassland dominated rangelands in most parts of
Eastern Africa such as Ethiopia, Kenya and Uganda have been highly encroached by bush
and shrub vegetation [75,76]. Similarly, Mekuyie [29] denoted that the drastic increase
in bush and shrubs cover on the rangelands of the Southern Afar region of Ethiopia was
largely comprised of the alien invasive Prosopis juliflora species. The proliferation of alien
invasive bushes and shrubs bears negative impacts on both the rangeland ecosystems and
socio-economic aspects of the country like Uganda and Ethiopia.

4.3. Impacts of LUCL Changes the Local Community

The clearance of woodlands and grasslands for crop farming and wood fuel may
result in a loss of biodiversity in the study area and the disappearance of some preferred
forage species and natural habitats of wildlife. Elsewhere, [17] attributed the decline in
forage diversity and shrinkage of grazing land in the rangelands of Northern Afar to the
proliferation of cropping land and clearance of vegetation. But the decline in grazing
land in Nakasongola rangelands was also exacerbated by the loss of traditional communal
grazing land to private land and enclosures. Nonetheless, private enclosures have been
associated with encouraging overgrazing by farmers thereby leading to vegetation cover
loss and rangeland degradation [77].

The local community members in the rangelands of Nakasongola also reported chal-
lenges of changing climate patterns that had increased the occurrence of extreme whether
events such as droughts. This is in line with earlier findings from [12] who reported the
increased occurrence of droughts in the study area. Challenges such as water scarcity,
reduced livestock production and crop failure were cited as a result of increasing drought
incidences in the study area. Frequent droughts have largely been associated with affecting
water resource availability, crop and livestock production and increasing livestock pests
and disease among pastoral and agro-pastoral households in the rangelands of Kenya [75].
Similar findings have been reported amongst pastoral and agro-pastoral households in the
rangelands of Ethiopia [18,51].

The reduction in herd size and composition is both directly and indirectly related to
the decline in grazing land, the lack of water resources and livestock pests and disease.
The change in livestock composition from cattle to small livestock such as sheep and
goats has been reported as a drought coping strategy among pastoral and agro-pastoral
households [18,60]. Equally, herd size reduction has been evident where the rangeland
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vegetation structure has been reported to have changed from good pastures of unpalatable
shrubby vegetation [78]. Earlier studies have reported declines in herd sizes of pastoralists
owing to sedentarization and the loss of their previously communally grazed land to private
enclosures [17,79]. Therefore, the reduction in herd size amongst pastoral and pastoral
households in the rangeland of Nakasongola could be an indication of both shrunken
grazing land due to LULC changes and increasing drought effects. Authors should discuss
the results and how they can be interpreted from the perspective of previous studies and of
the working hypotheses. The findings and their implications should be discussed in the
broadest context possible. Future research directions may also be highlighted.

4.4. Implications for Rangeland Management

Monitoring rangeland land use and land cover dynamics is an important process for
providing information on ongoing interactions between humans and their environment.
In this way, the information obtained can be used to support proper land use planning
for rangeland management and livelihood support. Historically, grasslands were the
most dominated LULC type followed by wetlands, shrub and thicket, woodland and
farmlands. Presently, farmlands are the most dominant followed by wetlands, grasslands
and shrubs and thicket. Future wetland conservation and agro-forestry processes might be
driven by the unsustainable expansion of subsistence farming in the area unless, wetland
encroachment is controlled.

This observed trend in LULC change is likely to promote the degradation of the
rangelands in Nakasongola unless measures aimed at averting this trend are put in place.
Therefore, any interventions put in place should aim at limiting the negative effects of each
of the key drivers such as population changes and drought on the most affected LULC
types. For instance, grasslands being prone to overgrazing more than any other LULC
classes calls for an intervention that protects them from being degraded by this particular
driver. Moreover, overgrazing has been associated with clearing grasslands’ vegetation
and leaving them prone to other dangerous natural process such as soil erosion [80].
It is reported that the overstocking of livestock affects soil physico-chemical properties
hence causing significant variations in seasonal forage composition and availability in the
rangelands [39,46].

Wetlands are vulnerable to encroachment from the increasing subsistence farming
activities while woodlands are more prone to high extraction rates for wood fuel. Equally,
grasslands and woodlands also seem to be over exploited during the dry seasons and in
drought years pastorals are. Therefore, national and regional development plans that aim
at promoting agriculture should not leave a scar. In particular, the commercialization of
agriculture that looks at intensification might indirectly have negative effects on rangelands
if more land cover types are opened up for subsistence farming through processes such as
woodland destruction.

5. Conclusions

The objective of this study was to determine land use and land cover change dynamics
and perceived drivers of LULC in the Central Uganda district of Nakasongola through the
integration of remote sensing and local community perceptions. Our results revealed that
the rangelands in Nakasongola district had undergone change of some LULC types such as
grassland, wetland and grasslands decline, while farmland and built-up areas increased.
LULC types such as farmlands and built-up areas were responsible for significant declines
observed in grasslands and woodlands. By 2040, the most dominant land use and cover
type is expected to be farmland with a significant decline in grassland cover.

Based on the local community perceptions, the drivers of the observed LULC were
multidimensional including demographic, climatic factors, subsistence farming, policy and
wood fuel extraction. The classification of land use and land cover types in rangelands of
Nakasongola district has helped in developing information for rangeland land use and
management planning nationally and regionally. The findings underpin the importance of
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integrating both the conventional methods of remote sensing and community perceptions
in understanding land use and land cover change dynamics in the rangelands of Central
Uganda. The study recommends that a holistic approach involving a combination of
conventional methods like remote sensing and community knowledge should be adopted
in understanding land use and land cover change dynamics and developing appropriate
interventions aimed at realizing better rangeland health and management in Uganda.
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Appendix A

Table A1. Details of satellite images for Nakasongola district for 1985, 1995, 2005, 2015 and 2021.

Year Landsat Scene Number Satellite Path Row Acquisition Date Sensor

1985 LT51720591985014XXX01 Landsat 5 172 59 14 January 1985 TM
LT51710591985103XXX04 Landsat 5 171 59 13 April 1985 TM

1995 LT51720591995010XXX01 Landsat 5 172 59 10 January 1995 TM
LT51710591995003XXX01 Landsat 5 171 59 3 January 1995 TM

2005 LE71720592005045ASN00 Landsat 7 172 59 14 February 2005 ETM
LE71710592005038ASN00 Landsat 7 171 59 7 February 2005 ETM

2015 LC81720592015017LGN01 Landsat 8 172 59 17 January 2015 OLI_TIRS
LC81710592015010LGN01 Landsat 8 171 59 10 January 2015 OLI_TIRS

2021 LC81720592021033LGN00 Landsat 8 172 59 2 February 2021 OLI_TIRS
LC81710592021026LGN00 Landsat 8 171 59 26 January 2021 OLI_TIRS

https://earthexplorer.usgs.gov/
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Appendix B

Table A2. Producer’s accuracy, User’s accuracy and overall accuracy for the different land use and
land cover types in Nakasongola district in 1985, 1995, 2005, 2015 and 2021.

Year 1985 1995 2005 2015 2021

LULC
Type

Producer’s
Accuracy

User’s
Accuracy

Producer’s
Accuracy

User’s
Accuracy

Producer’s
Accuracy

User’s
Accuracy

Producer’s
Accuracy

User’s
Accuracy

Producer’s
Accuracy

User’s
Accuracy

Built-up 89.5 84.9 79.7 76.2 65.8 64.2 82.2 80.8 73.9 71.6

Farmlands 74.1 76.9 77.1 75.4 85.2 83.4 78.4 72.7 80.4 77.1

Forest 91.8 87.4 86.3 84.9 84.8 86.1 89.6 87.3 85.2 83.8

Grasslands 78.3 79.1 69.6 70.8 76.5 73.9 85.1 87.9 75.5 74.7

Open
Water 95.8 94.9 87.4 85.5 86.8 84.3 84.2 83.7 86.8 85.3

Shrubs and
Thickets 63.9 61.5 67.8 72.3 61.6 67.7 77.2 75.8 71.2 68.9

Tree
Plantations 78.3 76.9 82.9 81.5 76.1 74.8

Wetlands 84.6 82.6 86.1 83.7 86.2 84.8 75.3 71.6 63.3 65.6

Woodlands 86.7 85.1 83.2 79.6 75.6 75.1 82.4 80.1 76.7 75.2

Overall
Accuracy 81.7 78.6 82.3 84.5 79.8

Appendix C

Table A3. Projected LULC types for 2040 in Nakasongola rangelands.

2021 2040 Projected Net Change (2021–2040)

Land Use and Land Cover Type Area (Sq·km) Area (Sq·km) Area (Sq·km)

Built-up 62.8 98.5 35.7
Farmlands 1257.1 1743.2 486.1
Forest 31.1 19.9 −11.2
Grasslands 648.3 301.2 −347.1
Open Water 227.4 225.3 −2.1
Shrubs and Thickets 285.6 220.3 −65.3
Tree Plantations 15.6 7.6 −7.9
Wetlands 758.7 699.1 −59.7
Woodlands 221.9 193.5 −28.4
Total 3508.6 3508.6
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